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Abstract 
Neutral telluro- and seleno-ether complexes of the form [GaCl3(nBu2E)] (E = Se, Te) and [(GaCl3)2{nBuE(CH2)nEnBu}] (E 
= Se, n = 2; E = Te, n = 3) have been synthesised via a facile, high yielding reaction. These complexes have been shown 
to be suitable precursors for the low pressure chemical vapour deposition of Ga2Te3 and Ga2Se3, the first reported example 
of a telluroether complex being used for the deposition of a metal telluride. The thin films have been characterised by X-
ray diffraction, SEM, EDX, Raman and Hall measurements. The films are crystalline, have good, uniform coverage and 
Raman spectra match literature values. Hall measurements show that the thin films are p-type semiconductors. 
Competitive deposition of Ga2Te3 onto photolithographically patterned SiO2/TiN substrates shows a preference for 
deposition onto TiN. 
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1. Introduction 
Metal chalcogenides currently find uses in semiconductor and other electronic devices. The Group 13 
chalcogenides have been used in optoelectronic and photovoltaic devices (Malik et al., 2010) as they are 
direct, mid or wide band-gap semiconductors. Gallium sulfide has also been used as a passivating layer for 
III-V thin films (Barron, 1995). Recent research has suggested that Ga2Te3 could be a potential phase change 
memory material (Zhu et al., 2010). 
Previous work into the development of single source precursors for the chemical vapour deposition (CVD) 
of metal chalcogenides has led to the development of metal thiolates and selenolates as successful precursors 
for the deposition of metal sulfide and selenide thin films. Dialkyldithiocarbamato and 
dialkyldiselenocarbamato complexes have also been used to deposit metal sulfide and selenide thin films and 
nanoparticles (Malik et al., 2010). Few single source precursors incorporating neutral chalcogenoethers have 
been developed but they have been used successfully to deposit TiSe2 and SnSe2. SnCl4 complexes of 
selenoethers have been used to selectively deposit SnSe2 onto conducting TiN regions within 
photolithographically patterned SiO2/TiN substrates (de Groot et al., 2012). 
There are very few examples of single-source precursors for the CVD of GaTe or Ga2Te3. Cubane 
precursors [RGa(μ3-Te)]4 (R = tBu, CEtMe2, CEt2Me) have been used to deposit GaTe (Gillan et al., 1997). A 
mixture of Ga2Te3, GaTe and Te is deposited from the ditelluroimidodiphosphinato complex {Ga(μ-
Te)[N(iPr2PTe)2]}3 (Garje et al., 2006). There are no reports of single source precursors for metal tellurides 
based on telluroether complexes. 
2. Experimental 
Four precursors were synthesised and used for low pressure (LP)CVD experiments (Figure 1). These 
precursors were [GaCl3(nBu2E)] (E = Se, Te) and [(GaCl3)2{nBuE(CH2)nEnBu}] (E = Se, n = 2; E = Te, n = 3). 
All precursors are air sensitive yellow (E = Se) or orange (E = Te) oils except 
[(GaCl3)2{nBuSeCH2CH2SenBu}] which is an air sensitive yellow solid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Precursors used in the deposition of Ga2E3 thin films 
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2.1 Precursor synthesis 
All reactions were conducted using Schlenk, vacuum line and glove-box techniques under a dry N2 
atmosphere. All solvents were dried by distillation prior to use. Ligands were synthesised via literature 
methods. Precursor complexes were synthesised via the stoichiometric reaction of GaCl3 with the ligand in 
anhydrous CH2Cl2. Full syntheses and characterisation data are reported by George et al. (2013). 
 
2.2 LPCVD onto SiO2, TiN and patterned substrates 
100 mg of precursor was loaded into the end of a closed-end tube along with SiO2 or TiN substrates. The 
tube was set in a tube furnace so that the substrates were positioned within the heated region and the precursor 
was positioned at the end of the heated region. The tube was evacuated to a pressure of 0.1 mmHg and heated 
to 773 K. When sublimation of the precursor was complete, the tube was cooled to room temperature. 
LPCVD onto patterned substrates were conducted by the same method but using 5 mg of precursor. 
Thin films of Ga2Se3 were matt orange with coverage being good over 6-7 tiles. Thin films of Ga2Te3 were 
shiny dark grey with coverage over 1-3 tiles. All films were well-adhered to the substrate. LPCVD was 
performed with good reproducibility and similar characterisation data were obtained from several different 
samples. 
3. Results and discussion 
3.1 Precursor synthesis and characterisation 
Spectroscopic characterisation of the precursors indicated that they were neutral with Ga adopting a 
tetrahedral geometry. This agrees with previous work on the coordination complexes of gallium (III) halides 
with neutral chalcogenoethers in which this was the only type of coordination geometry observed (Gurnani et 
al., 2008). 
 
3.2 Ga2Te3 thin film characterisation 
X-ray diffraction measurements on the thin films demonstrate that the films are crystalline and the 
diffraction pattern matches literature data for cubic Ga2Te3 (F-43m) (Figure 2). Indexing and refinement of 
the pattern gives a lattice parameter of a = 5.8913(8) Å which is in agreement with literature data (a = 
5.886(5), 5.896(3) Å). Raman spectra of these films are also in agreement with literature data (Julien et al., 
1994). 
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Fig. 2. X-ray diffraction pattern of cubic Ga2Te3 deposited from [GaCl3(nBu2Te)] at 773 K onto SiO2 
 
Scanning electron microscope (SEM) images show that the films cover the substrate uniformly. The films 
are comprised of rod-shaped crystallites that are approximately 1 μm in length (Figure 3a). By using 100 mg 
of [GaCl3(nBu2Te)] a film approximately 4 μm thick is deposited (Figure 3b). Atomic force microscopy 
(AFM) confirms that the coverage is uniform and the rms roughness values are low (typically ~42 nm). EDX 
measurements show a Ga:Te ratio of 2:3 with no observable impurities from C, O or Cl. 
 
Fig. 3. SEM image (a) top and (b) cross section of Ga2Te3 deposited from [GaCl3(nBu2Te)] at 773 K onto SiO2. 
 
 
Hall conductivity measurements show that the thin films of Ga2Te3 are a p-type semiconductor with a 
resistivity of 195±10 ȍcm and a carrier density of 5 × 1015 cm−3. These measurements are consistent with 
literature values indicating that the films are close to stoichiometric. The hole mobility of the film was found 
to be 10 – 40 cm2/V-s. 
 
Li
n
 (C
o
u
n
ts
)
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
11000
12000
2-Theta - Scale
25 30 40 50
ϮϬϬ
ϭϭϭ
ϮϮϬ
ϯϭϭ
ϮϮϮ
2 μm5 μm
(a) (b) 
146   Kathryn George et al. /  Physics Procedia  46 ( 2013 )  142 – 148 
3.3 Ga2Se3 thin film characterization 
X-ray diffraction showed that the films deposited were Ga2Se3 with a monoclinic cell (Cc) with no 
indication of preferential growth (Figure 4). 
 
Fig. 4. X-ray diffraction pattern of monoclinic Ga2Se3 deposited onto TiN at 873 K 
 
SEM images showed small, regular crystallites and a thickness of approximately 0.8 μm was achieved by 
using 100 mg of  [(GaCl3)2{nBuSeCH2CH2SenBu}] (Figure 5). EDX analysis of films deposited at 773 and 
873 K showed Ga:Se ratios of 2:3 and negligible C and Cl content. Films deposited at lower temperatures 
(723 K) had an identical X-ray diffraction pattern but showed higher levels of Cl contamination. 
Fig. 5. SEM image (a) top and (b) cross section of Ga2Se3 deposited from [(GaCl3)2{nBuSeCH2CH2SenBu}] at 773 K onto SiO2. 
 
AFM measurements were again consistent with SEM images. Films grown with limited quantities of 
precursor (~5 mg) were smoother (rms roughness of ~18 nm) than the films grown with 100 mg of precursor. 
Raman spectra of the thin films were in agreement with literature data, showing a sharp peak at 155 cm−1 
(A1 vibrational mode) and two broad peaks at 260 and 293 cm−1 (Yamada et al., 1992). 
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Hall conductivity measurements show that the Ga2Se3 films are also p-type semiconductors with a 
resistivity of 9 ± 1 × 103 ȍcm, a mobility of 20 – 80 cm2/V-s and a carrier density of 2 × 1013 cm−3. The 
carrier type is in accord with literature measurements (Popoviü et al., 1977; Belal et al., 1995) and the higher 
resistivity compared with Ga2Te3 is expected due to the difference in band gap. 
3.4 Selective deposition of Ga2Te3 
Previous work has shown that it is possible to selectively deposit SnSe2 onto photolithographically 
patterned TiN/SiO2 with SnSe2 showing a high selectivity for deposition onto TiN (de Groot et al., 2012). 
LPCVD of Ga2Te3 onto the patterned substrates was carried out using 5 – 10 mg of precursor. SEM images 
showed a preference for deposition onto TiN although the selectivity was not as high as for SnSe2 (Figure 6). 
 
 
Fig. 6. SEM image of the selective deposition of Ga2Te3 onto photolithographically patterned SiO2/TiN substrates 
 
4. Conclusions 
Several easily synthesised single-source precursors for the LPCVD of Ga2Se3 and Ga2Te3 have been 
developed and shown to deposit good quality, crystalline thin films. This is the first reported example of a 
neutral telluroether complex depositing Ga2Te3. The selective deposition exhibited by [GaCl3(nBu2Te)] could 
be exploited in the development of functional phase change memory or other electronic devices. 
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